WO RLD i>JTE i ..LBCT^AL PE RTY DECS AMI £A1^0N 




imWMATl0HA& APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY fPCT) 



Mmm/m* m?K mm 



(1 3} I$t£$$$$§$$&i F$§*I$g&tf Nsn*te: 



20 August 1992 P0,08S2) | 



Priori^ 



§ February 1991 mMSi) US 



THE UNIVERSITY OF VERMONT AND 
WIB AaEIQWLTURAL COLLEGE pJS/lJSj; S<ir~ 
VT 0S4S5 (US), UNIYEESJTY OF EROISH] 
COLUMBIA EC&/C&J; Va&etever; Coktmt>m 1 

VST IWSfCA). I 



Agents; D&OGNTX GhiHo* A,* J£ eat al4 La&sve & Cock* \. 

md t m stm street, m&mi* ma oa i m~i m SM}< \ 



imi AT i^topmn pMmt)^ BB (Byropsati 
l>EtoiV CA, CII (European ■.$>» tot }, DE (Europ^asi pa- 
tent),. DK (Bsmpzm p&ietitX HS {European patent), FR \ 

peati f>a£en£) 5 IT p^mpeax* pste?s*5> ?K IX). (European \ 



SB (Eufopestn. patent). 



p{i«) f H:L {BttftfpeaB patent}* j 




T, A y ; Apt 307, 2233 ABssofe Ro&4 Vancouver, -.firifSsh- 
Cptobia WT m (€A}> MASON. Anne, B, ; North, j 
Greesfeush Ro&dl Clwlotie, VT 05445 COS^ WC)OdJ 
WORTH Robert, C ; 4 Logan La&e* Shclfmnte, Tf ■ 
0S4S2 (USl I 



(5#Tl*&* RECOMBINANT TKANSFERRIKS, TRANSFERRIN HALF^ MOLECULES AND MUTANTS THEREOF 




■fcTF cDNA 



fecomblnant tra&sfeims* ttmsfsmn 
hMpmpimuit$ m<l mnimt i?m$h$nm hav- 
ing m&i^4£mi:m§. m other properties- 
srs desorih&L Tfe recombinant txmnf&mn 
molscufes are expresses!, in. fsnctionml form 
by si&bie sukaryoUs sell lines sne& as Mhy 
&a»aES*er kkfcy ceUs &a$sform«d with &n ex> 
I>3rmi0n vector ensodmg thfc rsc^nhfea&£ 
molecule. The fecomfelnjmi tmr&sfemm csji 
fee m®& m metal cL^lat^n tlierapy to 
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The i r on- b i nd i ng p^euSogXotoulin^ colieotiwl^f 
called ferast^f #rrls^p or siderophilins ooipise a class 
of proteins with strikingly similar features < X-ray 
crystal lographie analyses of 

9-1773 > ana rabbit serum tr&nsfe: 
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(Bailey* 8* 
reveal that 




(1988 



27i§80^^SS12 



roteisis consist of two similar 
lobes cosmecte<3 by a short Bridging peptide &n<$ that 

C0BtaiM two SomaiEE defining a claf t 

synargistie anion, 

CM i ckan a yot x a ns f er s 
%£&t&Big&tii c mi ce (Mc^^^^ht * 

{Camferi^fe^ HA) 3J,t33S-34X> and a f usion p. 
art o£ rat transferrin with ^alaatosidasa has been 



sad in 
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sed in 1^. co 11 (Aid red, A. Cl»84> 

hvg, Res. Coramim » 132 ; 960-965) « Except 
for this fusion protein, attempts to express 
transferrin or portions of the molecule in prokaryotic 

uns access ft* i {Al&red* A, £lL*» 
{1984} Biachenu Blo sfcgfi* F^^, ft ,,,jSmMIL^ 1212 960-965), 
The highly convoluted structure of the protein and 
large number of disulfide bridges in the molecule are 
probably the major impediments to expression in 
bacterial hosts* Attempts to mimic partially the 
natural protein folding environment by targeting the 
protein for bacterial membrane transport via an 
attached alkaline phosphatase signal sequence have 
een tins 
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is indention pertains to recombinant 
transferrin, to recombinant transferrin half 
molecules comprising at least the metal- 
domains of a single lobe (amino-terminal or 
carhoxy-terminal) of transferrin and to stable cell 
culture system for expression of the transferrin* *£he 
recombinant transferrin can be expressed in stable, 
transformed eukaryotic cells, such as baby hamster 
kidney cells* to yield essentially homogeneous 
{monodi^perse) preparations of the full or 
half-molecule forms. The invention also pertains to 

isferrins and transferrin half-molecules 
have metal-binding or other properties which are 
ent from the natural (wild-type) form of the 

These include mutant transferrins and 
transferrin half-molecules which bind iron or other 
Is more or less avidly than natural transferrin. 



WO 92/13550 



PCT/US92/00W8 



Transferrin half molecules can ba used in metal 
chelation therapy to treat i*Kiividt*&Xs affected with 
abnormalities of metal regulation or with metal 
po I son! ng * Fo r ex amp ie , t r ans f er rin h a I f -mo Xecu I es * 



05 especially mutant forms which bind iron with a higher 
avidity than natural transferrin* can foe administered 
to i ron~over loaded i nd i v idu a X s e*g** th&la&sejftics * in 
otitsr to clear s^csss toxr c xtob fron? thexr Ido^x^s * 
In a&aititm, half -molecules* or mutants thereof having 

10 altered metal ion select ivitiee* could he used to 
clear other toxic metals , e*g** lead* mercery* 
cadmium* copper and zinc from the body* 




15 expression vector in pMJT* A 2*3~kto cDM encoding 
human serum transferrin was isolated from a human 
liver cD£?& library and a !*S*~kfe P&tX/B&I fragment 
containing the complete amino^tsrminal domain coding 
sequence was cloned into M13mpl8 * Double 



20 translational stop eodons and a Hindi I I recognition 
sequence were introduced by site-Si ractaS mutagenesis * 
allowing the isolation of a BaMiX/lIinciXIX fragment 
which* whan joined to a Sen&CX/HpaXX fragment* encodes 
the ami nonterminal domain and signal sequence* This 

25 fragment was cloned into the eukexyotic expression 
vector p^tlT* giving the vector pin?T~hTF/82 * In this 
plasmid* the transferrin cDNA is under the control of 
the metaXXothionein promoter {MT~X pro) and the human 
growth hormone transcription termination signals 

30 (hGH3*); pMJT also contains the S\ T 40 early promoter 
( S¥4 0 } driving expression of a resistant DHFR cDHA 



{ DHFE cDMA) using transcription termination signals 
from human hepatitis S virus (HB¥) * 




Figure 1 shows construction of the hTF/219 



05 



e 2 shows a Western blot of immune- 
precipitates from various baby hamster kidney cell 
Unas* Samples of cell lysates (&} and mediran (h) 
from En-induced cell cultures ware 

i~hTF antiserum* Samples of the resuspenaes 
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aBosSSo^-P&GS^ transferred to 
nitrocellulose and developed with anti-hTF antiserum 
followed by alkaline phosphatase conjugated anti-lgG, 
The hGH~pNOT and &TF/K2 ~pNUT cell lines wera selected 
in 500 p K t£OC ana all cell culture was performed in 
DMEM/10% fetal calf serum* Lane 1, BHK cells; lane 2, 
hSH-pMH* trans f acted BHK cells; lane 3, h¥F/H2~$NOX 
transacted BHK cells. The positions of molecular 
weight markers (x 1G~ 3 } are indicated to the right of 

iltion of the additional protein 
M r 37,060 is also indicated (<3?> to the ri 



A** 



ure 3 shows the isolation and PAGE analysis of 
hTF/23$* (Panel A) FFX*C isolations on a co luxm of 
Folyattion SI of recombinant hTF/2H {upper trace) and 
proteolytics! ly derived hTF/2M (lower trace)* (Panel 
B) BaDodSO^ -PAGE (5-12% gradient of acrylamide) of 
molecular weight standards (lane Mr) and 3 $*g of each 
of peaks a~d from panel A* (Panel C) Urea— PAGE under 
nonredtseing conditions of the FPLC peaks a— d 
(recombinant hTF/2JS species) and peaks e~h 
(proteolytics lly derived hTF/2B species) from panel 
A* The positions of the apo-protein (apo) and 
iron-hoimd protein { Fe > are indicated* The conditions 
tised for FPLC are given under Materials and Methods, 
FP£C fractions were pooled as follows; peak a 
(fractions 23-2?) , peak fe (28-31) , peak c (32~38>, 
peak d (39-45), peak e (28-31)/ peak f (32-36), peak g 
(38-44), and peak h (46-51)* 
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4 shows fcitr&fciosi of the major form 

hTF/an with io tm w&ixn}imh$%. 

amount of protein wss 3,68 &2S0 unites in 1,00 ml* of 10 

Visible spactra were §-10 mimites 

addition of iron to the isagaeticsily 



saagsi&tie XBSpnanom spectra 



at i rred cutette 



Figure 8 shows pr 




orm spectrum 



68 S0Q * The protein sample was b mg in 



DC «* 4 * 0 # HS 
0 *1 MX* of 0x1 I K€l in 

Figure 8 shows the nuclear magnetic -r : e&o&8 : &£& 
spectrum of m~F~Tyr recorntoinant M*F/2!f * The figure 
steows a Fourier transformation with a line fero&fietiing 
of 10 MB 30,800* The protein sample s#as 6 ssig in 

0,1* of 0.1MKC1 in >H 2 0; th. r« f .«nc. 
trif 



20 as 



m ot 0,1 M KC1 in 2 Ha a ? 
uoroaoetie aeisf in %2®* 

Figure ? shows two separate oligoniiciBOtid 
primers to create the h1?F/2C coding 
I restriction fragment including coding 

:y Xofea was used as a 
amp lif iaat ion * 



sequence for the entire 

25 rounds of 




at its 5* e&d an<5 
for amino acids 334 -341 



1 h.TF signal s 
coding 

of hTF at Its 3* anfi* Oligonucleotide 2 matches 
aigiienee in tfe& 3 * li^fcranslatea region of 

and i^troauces a second Smal recognition saguenoe at 
30 this site* 
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This i went ion provides for the product 



ion of 
B£ errin 



>s and mutant forms of full- length 
05 transferrin and transferrin half-molecules which have 




a s 



ad metal 



capability, compared to the natural transferrin 
molecules, Recombinant transferrins can be produces 
in large quantities a ad in substantially homogeneous 
(monodiisperse) form* For example , recosssfeisi&nt 
ha If -molecules of human serum transferrin can he 
produced as an essentially homogeneous preparation 
substantially free of other human serum proteins * In 
contrast* ha if -molecules prepared by proteolysis of 

protein are difficult to purify and, in fact* 
ca rboxT- termi na 1 half of human transferrin cannot 
be satisfactorily prepared by proteolytic means* 
Recombinant techniques also allow the application of 
mutagenesis to design and produce new forms of 

30 transferrin* 

In general* a recombinant transferrin of this 
invention is produced toy transacting a suitable host 
cell with a nucleic acid construct encoding the 
transferrin, culturing the transfected host call under 
25 conditions appropriate for expression and recovering 
the recombinant transferrin expressed by the cell* 
The amino acid sequences for five transferrins have 
been reported (Jelfcseh, J * < and Chambon, P, (1982) 

ly,r, 132; 291-295? MacQillivr&y, B*T*A* 

30 (1933) ^MpXu^SMSbu 2^:3543^3553; 

igue, jUU (1984) lux, ff, t Bi 



L&s 658-676; Sose, T.M. &fc &&. (1986) Ema^-J&afcl 
Set, USA S3.: 1261-1265; BaMwin, G.S. 
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-8730} * The Di 



transferrin h» 
(1984) gmc,. 



■3 2752-27S6 ) . 



FulX-l^agfcfe BMh for production of recombinant 
transferrins or trti&cated BHiV encoding either the 
amino— terminal or carboy terminal lobe of tt&n&t ertis 



or a 

sources or can 
sequences hy 

ration o 
medium 






r. in order 

encoding a transferrin signal 
sapaiae (or other signal seguenste citable for the 
egress* ion system) is positioned upstream of the 
transferrin encoding DMA* 

lutant forms of transferrin and transferrin 

^an-- 

a^cixracteo tmrt agesies i s * See Taylor j§js, &2 » 
<1S85) lll^Jdid^^ MjS74S-S7g4i 

and Smithy M* (1983) Met h » Emg^rno | !L88i$ 
particular* mutagenesis can be *aaed to produce mutant 
transferrins which have metal binding prepertiea that 

from natural transferrin* For example * 

ing ire 





tor 



s metal -binding domains can be mntageni&ed to 
ace one or more amino acids Involved in 
with different amino acids** In human serum 
transferrin, the amino acids which are ligands 
metal chelation are shown he low {the number beside the 
amino acid indicates the position of the amino acid 
residue in the primary sequence where the first valine 
of the mature protein is designated position 1) 
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srtriinal 

Aspartlc acid 
Tyrosine 
Tyrosine 




Car boxy terminal lobe 



95 

3L8S 

249 



aspartic acid 392 

Tyrosine 426 

Tyrosine 517 

Histidine 584 
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Xn other types of transferrin, the numbering is 
different, the ligands (amino acids) are the same. 

Other regions of transferrin control binding and 
these too can be targeted for mutagenesis* These are 
usually positively charged amino acids such as lysine, 
hist Mine or arginine* For example, a mutant 
transferrin hal£~moXecuie which hinds iron more avidly 
than natural transferrin can be produced by replacing 
the lysine residue at position 206 with glut amine 

The transferrin-encoding DHA is cloned into a 
eukaryotic expression vector containing appropri 
regulatory elements to direct expression of the 
A preferred eukaryotic expression vector is the 
plasmid pH0T described by Falmiter, R*D* m& a JLu. {IBB7} 

1435-443* This plasmiS contains the 



metallothionein promoter which includes transcription 
of the transferrin encoding DHA in the presence of 
hea^y metal and transcription termination signals of 
human growth hormone* In addition , pfltTT contains 
dihydrofoiate redact a se gene under control of the SV40 
early promoter with transcription termination signals 
from human hepatitis B virus to allow selection in 
cell culture, The gene encodes a mutant form of the 
enzyme which has a 27 Q -fold lower affinity for the 
competitive inhibitor methotrexate. This allows for 






sQiate selection o£ transfeefced cells in 
v ^entrations (0*5 itM) of m^fcftdt ratafee an* 

abrogates the need for a recipient cell line that is 
deficient in dilwS^ofolate reductase* pM3T also 
05 contains pUCIS derived sequences which allows it to be 
amplified in JLu Mi to provide sufficient amounts of 
gsl&BmM for trans feet ion of recipient cells* 

The expression vector containing the encoding 
transferrin is incorporated into an spp 

* ^he $s r e I* e r ^r ect host oel! x s a eul^ar^otxo 
can bo tT&n&formecl with the Victor 
a stable cell line which express en a functionally 
active transferrin construct* A particularly use; 
cell is the .ba-by- hamster kidney cell* Baby hamster 
kidney cells can fee trans fee ted with a sector carrying 

encoding a b rafts £ err In (such as the 
to provide & stable cell culture sfstam 
;s and. secretes a functionally- active 
transferrin (full or half-molecule) * These cells are 
* well-eisiteS for economioal # large scale growth and can 
be obtained from readily available sources x 

Standard techniques * such as calcium phosphate 
coprecipi tat ion or elect roporatf 

the eukaryotic host cell wlv™ * 
ceil is then cultured under " * > * 
induce e^pregsion of the transferrin* For e^*^*v^ 
agister kidney cells transfecf ed with the gpTIT 
vector are stimulated to empress the transferrin 
construct in the presence of heavy metals. Baby 
hamster kidney cells are preferably cultured in the 
medium Bixlhecoo * s Modified Eaqle*s medium-Ham F~X2 
rienfc mixture with the serum substitute Ultras&r G w 

« 
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it an appropriate culture gsr^w** 
iss&d ana. secreted transferrin can be recove red 
from the culture medium* Standard purification 
procedures can be employed to Yield a substantially 
teous preparation of the recombinant 

one embodiment # the transferrin in 
the culture medium is saturated with iron and then 
,fie& by anion exchange chromatography* 

transferrins of the indention can 




foe usee! to chelate and 
betels from the body* 
lation In Ei^a has 
natural ly~occur ring s 

^ primarily 
the foody* Many 




with varying abilities 



unacceptable side effects 



clear iron or other to^ic 
The customary approach to iron 
been to assess a wide variety of 
i&erephores of microbial origin 
s for their physiological 
ility to bind and clear iron 

s have been studied 
to clear iron and often with 
(Pitt, C*G« St JLlU (1979) il 



Therao* 2Q&£ 12-18) * As a result, the only 



x ron 

humans rem 



used for clearing excess iron from 
ains deferoxamine, a cyclic peptide from 




transferrin for iron chelation 
t r a na £ e r r i n ha 1 £ -mo 1 ecu le 



ds iron more acidly than natural transferrin 
use of a mutant half-molecule allows for more 
efficient chelation and 
particularly preferred mutant half-molecule is &206Q, 
described In the Exemplification below, which contains 
a glut amine rather than a lysine at position 206* 
A transferrin half-molecule is advantageous 
because unlike the holo-proteins, it passes through 
the glomeruli of the kidney and is excreted in the 



«*11~~ 

urine, so that metal is not only chelated tout also 
cleared from the body* Moreover* the single 
half —molecules do not bind to transferrin receptors on 
the membrane of tissue cells and therefore do not 
05 deliver iron to these tissues* Further, 

half ^molecules of human transferrin would probably be 
recognised as M self*' by the hssman body and therefore 
would not elicit an immunological response* 

In addition, mutant half -molecules can be 
10 designed to b&ve altered metal ion sslecti^ities * ^he 
chelators could be used to clear other toxic metals 
from the body, e.g., lead, mercury, cadmium, copper 
and $*xnc x 

For chelation therapy, the recombinant 
5 transferrin is administered to a patient in amounts 
sufficient to chelate the metal and reduce circulating 
levels below toxic levels* Generally, it is 
administered in a physiologically acceptable vehicle, 
such as saline, by a parenteral route {typically 
:0 intravenously) * 

Recombinant full-length human transferrin can be 
used in nonsernm supplements for cell culture madia* 
Transferrin is required for iron uptake by growing 
ceils* The use of recombinant transferrin avoids the 
5 risk of contamination (with, e*g*, Hl¥ or hepatitis 

virus) associated with transferrin purified from human 
serum* 

The invention is illustrated further by the 
following exemplifications 



WO 92/13S58 



■12*~ 



I* Production of Recomfexn&nt Trans 
Molecule Comprising the teino-Tarxnia&l 
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T4 ligase, DMA polymerase I CKienow fragment) 

and T4 polynucleotide kinase ware purchased from 
Pharmacia-PL Biochemical® * Restriction endonac leases 
were purchased from Pharmacia-Pl* Biochemical® and 
Bsthesda Research Laboratories, Qlig= 
nucleotides ware synthesized on an Apj 
380A DM& Synthesiser, nitrocellulose filters were 

from Schleicher and Schuell, 3 2 P- labeled 
nucleotides from lew England Suclear, goat anti 
transferrin antiserum from the Sigma Chemical 
formalize ixed MIMl calls from 

Bethesda Research Laboratories* the Protoblot 
intnttunoscreening detection system from Promega, 
oligonucleo tide-directed mutagenesis kit from 
Araersham # Bulbeceo * e modified essential medium and 
fetal bovine serum from 0ibco* and anti -human 
transferrin monoclonal antibody HTF-14 was from the 
Cxeches lovaki an Academy of Sciences* All other 
reagents ware analytical grade or purer* 
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A human liver cDMA library constructed in the E^. mil 
expression vector $KT~218 {Prochow»ik# E*V* at aJU. 
{1383} J. Biol, Cheau. 2S&S83B9-8394) provided by Dr. 
Stuart Or kin, {Harvard University) was screened using 
a synthetic oligonucleotide coding for the 




20 



2! 



TO 




1 ■e 2l 




Ses 88 to XXX Of 
rtad h^ Yang, F* jtl^ (1984) 
^JIBE HtS^SB-^^SS) , The olifOBiiciaatiSe wa 
labeled with T4 po lynue lee t i da kinase and 
C'Gh80$n&$> <5v and van de Sande* J*B* (1®B0) M 

5.75.** 8.5.) > and used to screen 
colonies * Restriction andonne lease mapping 





issxng s 

M13mpI9 sectors* respectively {Maniatis * T 
CIS 82) 

Spriig Haf &or Laboratory,. Cold 
IS Messing,, J, {1983} 



f and 




20-78 | Sanger 



The 



eukaryetic 



v 



8,t 




jbU < 1.887=) Sail <Caisbrxage> MM S£* 43 5-443) and baby 
hamster kidney (BBK) cells were provided by Dr < 
Mchard D* Palmiter (Howard Hughes Mb&&cmX X&stifeiite 

Washington) * After synthesis, 
s were pur if lad en Cxs reverse** 
s {:Seg~P4ik* Waters Assooiates; AfcMnson* 

ss* Oxford) * Site-directed mutagenesis was 

by using fete method of Taylor* et a.l ,»„ 

X98S) HimlMi^ ;Mr®740^S7S4) , Placid Dffi 

was prepared from ILl &£LtI JM105 and purif ied by two 
Sttcc&s-S'i'Ye eentri fixation, steps with oesiam chloride 
ifcy qraclients* 



92/13558 



PCF/US92/00928 



14 



BEK cells were grown ia Dulbecco's modified 
essential medium <I>MEM> with 10% fetal bovine serum to 
approximately 10 7 cells per 10 -cm dish and were 
subsequently trausfeoteS with 10|ig of plasmid by the 
OS calcium phosphate co-precipitation technique describes 

j|s 1480-1489) * After 24 hours, the medium was changed 
to DMEM containing 100 |M methotrexate (MTX) and 
surviving calls ware serially selected to 500 MTX* 

10 In some experiments, calls were selected Immediately 
ssifcii 5SQ |iM wm* l*axge scale roller bottle cultures 
were initiates by sealing approximate ly 5 x 10 / cells 
into each 850 cm 2 roller bottle containing 100 of 
BMEM-MTX* Cultures were induced at 80% eonfluancy by 

15 the addition of &nSG4 to the medium to a final 

concentration of 0.08 ®M* The medium was harvested 40 
hours later* 





Xjmune-precipitation of cell culture medium and cell 
20 lysates was performed by the method of Van Dost, B » A * 
3£fc 30U (1986) M^Ml^M I, BxaU £1:699-705). 
Precipitates were analysed by electrophoresis on 12% 
polyaeryX amide gels in the presence of NaDodS04 
(fcaeismli, (1970) Mature (London) ££7:680-685), 

2S followed by blotting onto a nitrocellulose membrane* 
The blot was incubated in PBS containing 0*1 mg/ml 
gelatin, than treated with goat anti~hTF antiserum 
{250-fold dilution in PBS), and finally developed with 
an alkaline phosphatasa-conjugated < rabbit anti-goat 




30 IgG antibody according to the supplier's ins 




05 of 



To incorporate 

3— f Xiioratyrosine into the racomfein^nt hTF/2!$ < 
NME probe # the en X tors medium was supplement: 
B*x*Hm~£ iBorofcyroaine (Sigma Chemical Company 

e co^eenfcratioa of I*- tyro sine in the 
cells |rew as well on this mad i um as on the medium 
acklng D # I*-m- £ iuor 0 t yr os i tie * 



at 16% 





25 



a meoitxm was 



£ Iiioricte to inhibit: proteases and su££i 
F0CIXI>(ST^>2 wit a^Sea to saturate all transfer r 
the Medium , After stirring at room tempera 
solution was Sialyzed for 24 hours versus co id running 
tap water* &ik! then for a few hours versus MilliH 

s asScteel to 0 final concentration of S ml$U 

was centrifuges! to remove any Qe^feris* 




30 



led onto a column £2*5 :r 80 cm) of 

(Pharmacia) equilibrated with 10 s$$? 

ie coltsmn was then e lasted with a linear gradient 

9} in the same tonffer* Fractions 
color were anal^eS toy SaBOdS04 w FASE^ 
lining the recombinant protein (Mr 
37*000;) ware pooled* Such fractions also contained 
bovine transferrin and albumin resulting from the 
fetal calf serinp in the tissue culture me^iinsu &f ter 
concentration of the pooled fractions to 5 on an 
Ami con PM-10 membrane^ the protein was ohromatographefi 
on a column (2,5 x P0 cm) of Sapfeada^: 0~?8 Superfine 
CPfearmaoia-PL Biochemical s> eqtsiliferafcei with 100 mM 
ammonium 
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the presence 



10 



imes* a second chromatographxc step 
this column was necessary to res= 
hTP/2B from the bovine proteins* At 
^465^410 was usually < 1«D* indicating tl 
of a contaminating heme-protein {possibly 
!The was finally purified to homogeneity by FP&C 

on a column (1 ^ 10 am) of polyanieia SX (Pharmacia) 
using a linear gradient of HaCI <0 to 0*3 M) in 50 

Tris-RCl, pH 8,0 o^rer a period t_ „ 

rate of Iml/min* Fractions of 1 were collected* 
Two to four protein bands emerged from the column, 

-binding status of the protein* 



was 



td with 5% to 



gradient gels and urea— PAtSS was performed according to 
15 a modification (Brown-Hason* and Woodi 

1984) 3* Biol, Chenu. 25£: 1866-1873} of the 



!>«(?* and Seal* U 





on a 0% to 50% sncrose gradient in a 110 ml* glass 
20 column {x*KB> with 0*8% Pharm&lyte* pH 5 to 8 



{F-harmacia} « The go 



% was prefocused overnight to a 

final current of 2 i& at 1000 

The protein sample in 0*2 $£L was diluted with 5 
ml* of solution withdrawn f rom the 
23 gradient. The sample was then reinj 

isodenae region of the column and focusing was 

* gradient was collected 



bottom of the column in 1x5 «& fractions* 
fractions were analyzed for A28O an ^ for 
30 pH* Fractions with maximum A28O were selected as 
representing the pis of the apo~ and iron-saturated 
proteins ♦ 
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Iron was readily removed from the iron-proteixi toy 
incubation in a buffer containing 1 ssM BTJk, 1 mM EDTA^ 
0*5 M sodium acetate* pH 4*0* The apoprotein wa& 
concent rated to a minimum volume on a Cent r icon 10 
OS (Amioon) * then diluted and reconcent rated twice with 
water and twice with B*X W KC1* The apoprotein had a 
tendency to precipitate in pure water * but redis solved 
readily in 0*1 H &C1* 1?he apoprotein was made 10 mM 

in KaHGO* and titrated with a suitable concentration 



10 of Fe(SX&)2 while monitoring the absorbance at 465 nia* 



A competitive solid state insminoassay was used to 
assess the concentration of recombinant hTF/2H in the 
culture fluid and at various stages o£ the 
IS purification {Foster # W«B* j&fe §1* (1982) SimsiLu^B^S^ 
^&s&4&~661) * Proteolytics lly-desrived Fe~hTF/2i$ 
{Lineback-2ins* and Brew, K* (1980) ^MiSkl^QMm.^ 
XSS* 708*-713) was radioiodinated {Praker* P*J* and 

20 £g&$849™857) with Xodogea <Pierce Chemical Company) and 
used as the standard* The monoclonal snti— hTF 
antibody HTF-14 was nsed as the proba {Barfcek* J* et 
JBJU 11984) fiQliJI MslL*, {Prague) 3&s 137-140) * *This 
antibody recognises only the amino* terminal lobe of 

25 hTF {Mason, A*fi* <1988) Bx^^^a^ma to 1 » 

JUIs 3J>2~393) and does not recognise bovine transferrin 

22&£251~260) * 



30 amino-* terminal sentiences of both the minor and 

major-forms of recombinant MT/2N were determined on 
an Applied Biosystems 470A Protein Sequencer in the 
Given Analytical Facility at the University of Vermont * 
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The presence o£ 
oXigos&eoha rides in the recombinant feTF/2JS was 
determined by staining the protein, with periodic 
acia-Scfeiff reagent (Fairbanks* ^jfe ml^ (197X) 

&sid fluorine HMB spectra were obtained on the §*872 
Test a Bruker MH KME spectrometer in the Camilla and 
Henry Dreyfus laboratory # Department of Chemistry * 
10 University of irerisont* operating in the Fourier 
transform mo&e with Quadrature detection* An 

was provided by Or* Christopher W* Alien of that 
For proton spectra # spectrometer settii 
were as described previously {Valcour, A* A* and 
15 tttrodworth* B«€* (1987) iMshtmlmfcO: 2& i 3 1& 0- 3 12 5 > * 

sweep width was 30*000 Hs* the 




acquisition time was 0.279 seconds, a receiver delay 
of 2*0 seconds intervened between acquisition and 
pulse of 15.0 1b (90*) and the sample was at 303*K. 
20 19p chemical shifts are relative to G*XM 

tr if lucre acetic acid in ^H^O* Protein sampler were 6 
to 8 mg in 0*1 aft of 99*8 atom% %a°* *»a spectra were 

s in 0*X ML capsules inserted 
mm mm nubes containing 2 H2 G * Free 
23 induction decays of 19 F spectra were subjected to a 
line-broadening of X0 Hs prior to Fourier 
transformation. 




Approximate Xy 



30 100 



<Prochownifc« E * ^< 

258:8389-8394) were 



a human liver cDJiA library 

£jU (1983) ff* M^l^XMa^. 
screened fey using a 24 feasa 



05 



M a 

colony was obta 
mapping of th^ 

completely wl th 

i O X a 1 0 



ingle posi 



tensive rest notion 
X&smiS isolates from this ate 
the patterns predicted £rom t 
f ront the same 'library by Xfea 



n 



s&gnan^a analysis 
confirmed 
i 





* 

s i 



a. by 



genesis a bo b 



tso- the sequence 



ng of this c£?B& conform 
reported previously * 




"5^ 



recognition ii 

1 Soma xns 

of the hTF cDHA $&§utfftc$ by oXigonncleoti$e~directed 
mutagenesis-* The predicted translation segnanca from 
this construct ends at &sj>~-337* according feo the serum 
hTF numbering sequence (ft&cG i X X i v r ay * 

x on sector js^fO^i C Xnsx t er x * j^jt JsiJ!L&, 
g#y M&) Sfii 435^443) contains a 



25 



.(1.98.7)' £ 

mouse 
fusion 



3 



0 



1 1 o t h i one i n~ I/human g 

has been shown to direct high lewis of 
iman growth bormone In transgenic mice (Palmiter* 

809-814) * Important functional features of this 

fie a ®d«3$# ^ to 




cDHA transcription in tbe presence of bea- 
petals, p0ClS ^equ^iices to allow 



rtixon in 



* and a d.ihy& 





C0HFE) cDH& Sriveix by the early 
selection in call culture * The DHFR 
mutant form of th& enzyme which has a 
affinity for the compa 
£$IS€) C Simons en * C*C* 

na fin? 

selection of transfecte 
high concentrations <S*S mM) of WTK 
meed for a recipient cell line 



promoter to allow 
encodes a 





is 



• 'C 1 ^ ^ ^ ^ J^jiu^5 U S l *4fc* 

%> S si lO^^S f O r 

cells x^n ver^^ 

abrogates 
deficient in 



1 



25 



To construct the expression sector pNmvhTF/2H* 
the B&mHI-Bin&XXX fragment from the bacterial 
expression vector was isolated! (Figure X)* & 
HpalX-Ba^HI fragment from the original transferrin 
cDH& clone was mlee isolated (Figure 1}* These two 
fragments were then Xig&taS into MXSmpXS repXieative 
form DHA that had heen oat with Aeel ana HindXXX* 
RepXio&ti^e form from the resulting Ml 

ge 

and HimSXXX* and the ends mafia blunt ended* These 
step^ ensured that the fragment included the 
transXationai stop signals, retained the natural 
signal sequence for the protein, ana was free of the 
dS/dC tail £ otm& in the original vector (Figure X) * 
This fragment was inserted into SmaX-cut pBUT f thus 
replacing the human growth hormone gene with a hTF/2K 
encoding cPim* but leaving the transcriptional 
termination signal from the growth hormone gene 

This plasmid was transfeeted into BHK cells 
* resulting transf ormants were selected in the 



tr&nsfecte 
on am agarose 



EH cells* total was 
gel in the presence of forma 




resect 




* Co Id Spring Harbor Labor; 

oli 



cell 



1 ?5 



t x unsf 

formed 
various c 



20 



X 1 ose $ 



a 



hQH g 

An inducible ss$^& of 
was 8efeacte3 in tte tra^sf tf 
tat not in moak-iaf eetaS SHE cells fdata 
s agrees! with the precliotesl si&e of th* 
f including the expected hOH 3* 
sequence and poly (A) tail* 

lY&afces and the »axtim 
11 lines (Figure 2} « S&mg 
containing the hOH-pHUT pl&smid, and BHK 
aining the hTF/SH-pNOT pl&aMs! were grown 
or BMBM-MTX {BHK cells cont&ininq 





eel X & 



rat^s were prep 
25 successively with goat 
£ori^al in- fixed 



kx~hTF f^tiseriitE an 
Is (Van Cost, 

Bound proteins ^ere e In ted toy incubation with 
B&0o€tBO4 f Bleetro^horesed on a Folyaerylamide gel , and 
30 transferred to a nitrocellulose mem&rane* The 

ineuhet e<3 wi th goat ant i ~&TF 

conjugated to alkaline phosphatase* When cell Xysates 




05 



ox ma&ium from BHK cells i Figure itnes Xa and lb) 
or BHK cells with hGH~$KUT pXasinid (Figure 2* lanes 2s 
and 2b) were analysed* only the expect&ei goat 
iaamxnoslobulin bands (Mr 25,000 ana 50 # 000) from the 
1 goat &nti~hTF antibodies a small amount 

1 were obser^aa* However* an 

additional band of Mr 37 r 000 was observed in cell 
lysaies (Figure 2, lane 3a) or medium (Figure 2, lane 
3b) of the BHK cells containing 
plasmid* Tbe molecular weight of 
chain is in excellent agreement with the molecular 

F/2R molecule (37 * 833) calculated from 



10 pis 





1 *> 



homogeneity of the &TF/2N product indicates 
successful removal of signal sequence as ceil 
lysate anfi secreted samples eomigr&te on 8DS~PA3B« 

antiserum appears to be highly specific for human 
F species # since little bovine TF is apparent in the 

precipitates * 

In large scale cultures of the cell Ixsse 

grown in roller-bottles * tJxe concentration of 
in the medium was approximately X0-1S pgA&l as 
detected 3t>y radioimmunoassay* 

jiffg/ 2B * Sec&mbi&ant IxTW/ZW was purified hy a 
t&ree~5tep procedure that led routinely to an 80% 
yield of the major form of the protein, feaseS on 
radioimmunoassay. The final purification on Polyanloa 
SI lad to quantitative resolution of the apo~ and 
iron-saturated forms of both the minor (<5%) and major 
constituents of the protein {Figure 3* panel A), as 
corroborates by urea -PAGE {Figure 3* panel C) « note 
that on urea -PAGE the slowest moving bands are 
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« ^5 <S3 v> 

s (Figure 3 ? 




major &n 



of 
05 be 




a not 



* 



;perssity 
Cl^im^foaek-Sitis^ 



preparations appear 
than p r o t eo lyfc i e & 1 ly derived 

and Brew, K* (19SS) iLJi^l 



=1^708-7X3) (Figure 3} * For example, the 




15 




5 **2X am 

for pure sSiferric transferrin Isolated from human 
plasma* Titration of 3 * 68 &2SD ^units of the 
&po -protein with WmiWfA}^ yields a slope eo r respond ing 

g§i#t ** a&d giva^ for the apo^proteirt 



half 



ansfomn 




*2ins * J* 



a 



for the &po~ and Fe~hTF/2$t wtrg 6*S ancl §,4, 
re spec ti^m 

sec^B&oa analysis 

r&eom&ia&nt hTF/2B gmwe 
ical fco those found CMaeGillivray^ R*T«A 

jlU CX983) s^MMX^mm*.. MMMm$~mmy for 




rum cxa 



The proton MR spectrum of the recombinant 
protein (Figure 5) is very similar to that for the 
proteolytically-flerivea &TF/2H (Valcour* A*&* and 

Wooflworth, B*C, (198?) Ma£kgmlStJ3£ ££53X20-3X25) 9 
05 the resonance lines are sharper tor the recombinant 
proteiiu The I9 F BMR spectrum of the protein Ser 
from a cell culture grown ost medium supplemented 
HKF~ty'rosine (Figure &} shows four wall-resolved 
resonances* two possibly having an unresolved shoulder 



10 




^|J w K w X w ^ w Bt^W' w ^" <w A**V«*S ' 



20 



r«co&&i»&ttt. &TF/t$? *»gue»c«« were aet«m£a&«d o& an 



2S 



#&e& sample was ks&walve 
«m&Xys&£U c Ho resi&ue was 

s&qu&neer c^eles were s&a&Xy&ed* 



&&qn&%t£&T cycles were 



Idftfttifieft at cycle S* however, 



residues *?ere not modified prior to the sas&lysis* *%i3£ 



molecule is 




0 



several 
first r« 



lytic&lly deri 
S&{M&&S&&t or i tar i a * 
test e^prassion in 

port protein 




s 1^00 xes a 



0 stable 



BCtive form of 




& &s&gortattt 




ere 




15 



1 0*3 i OH; 

resistance «a$ 
well-suited for economical* large sea la growth anS we 
are currently examining their growth characteristics 
an micro-carrier support a in Moreactor vessels • By 
using- either roller bottles or a fermantor with a 
capacity of several liters, can easily 

or teeimigt^es 




ion of pt 
Thm minor form of recombinant 
ion si migrates more slowly 
on urea-F&GB ( Figure 3* panel C) 

(Figure 3, 
r wei 



on 

the major form 
at the sa» rata 
# the apparent 



3^ 




s in 6 M urea {Figure 3 * pa$ 



faster migrating spe= 
€* fractions g and h) * 

Contamination of apo-hTr/2K with Fe~hTF/2H and 
^ice versa on these gels arises from 

r act ions* from some Xo 



me 



thoS 



ittx&£&-$ wo 




•A* 



'3 S 




H~terminai sequences (Table 1) show that the si.gn& 
peptide has been removed from both minor and major 
forms of the recombinant protein* h& in hTF/2H from 
seriam {Linehacfc-Sins , J* and Brew f K. (1980) JL. 
^5 pi o 1 „„Chem^ 2&3l : 7 0 8 - 7 X3 ) * the recombinant bTF/2P is 
non<~glycos3rXated* The cause of the difference between 
major and minor forms of hTF/2B is unknown at 

a sen t ed mo re 
recombinant protein and is 
s than X%* ThnB? the goal of isolating a 
monodi sparse recombinant hTF/2$8 (the major form) has 

Bean achieved* 

The iron binding behavior * pt&* migration on 
KaBodSOg-FASE and urea— FAGE and proton SMR spectra of 
15 the recombinant match reasonably well those o 

the hTF/2M derived from amino terminal monoferrie 
by proteolysis with tbermolysin {X*i&&&ack**2xns* J* and 
Brew, K* <1380) j?,^JM^i2»k &&Sts70»~7X3i ¥alc0txr* 

20 5USl:3120~3i25) * except as noted above* The major form 
of the "recombinant protein shows a higher degree of 
rooaodiaperaity {Figure 3) and its proton HME spectrum 



proteolytically derived 
f ficiesit minor form 

as o 



30 



m-flaoro tyrosine into a 
soli have established, 
specifically prohing the 
(Sykas* 8*D* ^fe £JU <19 
2114 69-473? Hull* W*E* 

Miastoli^fco: 1&:343I~3 

m-F- tyrosine into the 



There has been 
or analysis by HMR* 
the incorporation o£ 
ine pbospbataaa from 
efficacy of BME for 
tyrosyl residues in a protein 



f »o (1974) 

per at ion of 
HTF/2B proves that 



stiys* amino acid subsii 
culture system and gives ns acc* 
of tyrosyl side chains 
all respects like th^ non- 



05 a 




iss to a specific 
^ x s p rejP & iris t x on 
moai£ieQ protein 





ges 

aramagnetic and. diamagnetio me 



tTrosiri ri&iii Sties 



of & 



$csfciir©ly d&nte rated aromatic 
us to dissect fc&e aromatic t 

in M 



in§ * Incorporation 
amino acids will 
gion o£ fcfoe proton 



e Comprising Ca 



Terminal 



20 



ated £ 



ass a t 
2), 



for 

for PCB^&i rect 0$ 




jr* x» 58 

then used 
g^neais (Figure 



igonuelaofcid&s ware synfcfee^i^d to toe n&ed 
Oiigo i encodes a Smal recognition 
fey S0Quenae encoding the natural signal 
of hTF * followed by segu^nee matching 

amino acios 334-341 * 
e s t lie 





ans 



30 



K V ■ * 



fee rmi na t ion si tm 




* to 



normal tr ans la t i on 



ides ai25-2I27 using the 



05 na 
&etg 



aring system of Yang* F* ^fc jJU„ (1984) 

M 2752-2756). Twenty-five 
amplification using Tag polymerase 
ed in the desired BNA fragme 
signal sequence o 
* Tliis fragment was then digested 
ted with the large Smal fragment o 
&TF/2N expression st 



rounds of 
Elmer) 



X 



XXI* Production of Recombinant Full X*ength Transferrin 



The coding sequence for 
was a&samhle& from restriction en&yme digestion 

e 

isolated from a toman liver library described above* 

parental plasmia <pKT~2X8> ot the original 
a limit ed number of unique restriction 
enzyme recognition sites 9 a series of cloning steps 
was reguir&ft to introduce the coding seguence into a 
convenient sector* This process was initiated by 

rem 



IS o lone- 



vector gXJC 18 (Messing # J* (1983) 
isvffiol, 102s 20-28) • The resulting plasmid was 
digested with BanKX and Hindi IX and a SamHI/Hiis^IXI 
fragment from the tam&n transferrin ot)HA was cloned 
adjacent to the initial fragment, The resulting 
25 plasmid was than digested with BinAXXX and FstI and a 
final Hindu l/Fstl fragment from the 3 s end of the 
transferrin cDNA was cloned to complete the asse 
of the full-length coding sequence » Digestion of 
ting plasmid with Sac! and SphI released the 





sequence 



strict ion 



0 



ge Smal f ragr&eBt 

transferrin ha If -mo 
Fla&misJ DMA we 




TPs 

escrri&ed for the 
cule co&iag: &equ 



Cits?) 



and C 



mil omids and 




Sigma) with 
10^ cells per 
fer&n&feoteS wi 



IS 




f & t 1 

100 Him clisfe and ware 

itafeioa tecs 

i9.9*y noa, Sfijju 

ma 




V _ * 





20 serially passaged at 

phosphate buffered saline oont a iaitig I8» (Q*2 gm/X> 

tsfte*"* then to five T-175 flasks and 

suttMQ® roller bottles C&0O 
S passage^ a serum substitute* 
$ at a le^el of 1% was used in p 
of fetal calf serum in lacking phenol reu * 

It wai found t&Bt once production levels were 
high ( approximately 100 j*g /ml o f med i um) ? medium 
without Ultraser 8 could sustain production of 
30 reaomMn&nt protein for at least two passages 

gra&tl^ simplifies the isolation of the expressed 
full~ length recombinant human SBtum transferrin* 
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medium is made 0*01% with respect: to 
phenylmethanasulfonyl fluoride and a< 
inhibit proteases and bacterial growth respectively • 
Sufficient Fe 3 * (nitrilotriacetic acid) 2 is added to 

05 saturate the transferrin present* The medium is 
reduced in v-olume to <10 ml and the transferrin is 
purified toy passage over an anion exchange column 
(Polyanion SI,? 1 x 10 cm) as described for the 
recoitsbinanfc amino terminal hwnan transferrin 

10 hai£~molecule* See above* 

The isolated recombinant full- length human serum 

transferrin displays some heterogeneity this column 

glycosyXation pattern* 

HaBod 



protein is monodispetse on 



15 S©4 




purl £ ied 



electrophoresis and has a 
eetral ratios which are comparable to 
serum transferrin* 



Substitution mutants are designated using the 
a conventional single letter amino acid symbol of the 
wild type (native) residue* followed by the positional 
of the replacement in the primary sequence # 
re valine of the mature protein is designated 
position 1) followed by the symbol for the replacement 
25 residue* For example* a mutant in which aspartic acid 
residue at position S3 is replaced by a serins residue 
would, be designated 

The production of hTF/2H mutants was accomplished 
by two techniques. A D81S substitution was prepared 
3D using the method of Nelson, B.*M* and Long* G*L« {1989} 



147 



Briefly* a BpaXX/BamBl 



t$S0 S * en?3 Of 

CIS and 
a two step PCB~b&se& mut 



aam^fit was th 




sad as a template 
is procedure* The 
recited into MlSmplg 

fcmctioit was 
axysia * The fragment 



■^v- 



eyeing vector jd^ oxgestion 
M gates to a Ea^Bl/Hinaill fragment from the 
orxffitt&i cons 

coding sequence > 
.ici&Bf confirmed fcf res 
sis and was subs^m*©; 




i& Into 



tstion 
pNUT as 



5. 



xng se 



M13n*pX8> 







was then used as 



r* M*£T* and Smi 
$458—500} using fete Sut", ung^ selection 

12t488-^92) ♦ Following mutagenesis the entire 
s e gnenee f o r 

ence analysis using sequencing p 
5 targeted along th® length of tW : coding sequence at 
250 fop intervals* Tha flesixed coding segxisnoes were 
t&en released by restriction digestion,, masSe blent aaa 
inserted into pMJT as before* 

have &*en constocted attaining 
0 the cBE a) for full-length human serum tramsfarrin 
XKFF)' and b) for various sifeeHSirecfceS mutants of 
amxno-terminal fealf-molecole {hTWSSj Tfaa&e mat 
incisuie 1} D63S- patterned on the naturally occur r 
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10 



15 



20 



30 



mutation fotmd in the C-terminal half of human 
meianoferrin, fo) <36SR patterned on the naturally 
occurring mutant found in the C-tecminal 
from a patient in England, c) K206Q based on the w 

mutation in the C-teri&inal half of ovotransfemn 

*& egg wMte, d> H2Q7E based on the wlM 
jj^l mutation in human lacfcof arrin (hLTF) and e) B63C 
as an attempt to change the metal selectivity of the 
iron binding site. All of these constructions have 
been expressed in stable tr&nsformants of baby hamster 
kidney cells in 10 to 100 mg amounts of recombinant 
protein* In addition gSSOT pla&mids have been 
constructed containing the full length cDKA for oXP 
and chimeric cDWks for hTF/2N~oTF/2C and oTF/2M~hTF/2C 

5S of the site-directed mutants 
the D63S mutant does bind iron (contrary to 
speculations in the literature) but much less avidly 
than the wild type protein. For instance* this mutant 
loses its bound iron on electrophoresis in P&0B gels 
containing 3 M tsrea, whereas the wild type retains its 
bound iron* The maximum in the visible spectrum lies 
at 422 nm in contrast to that or the wild type afc 
m . The G65R mutant binds iron less tightly than does 
the wild type and has a visible maximum at 470 nm. 
The K206Q mutant binds iron much more acidly than does 
the wild type, as does its model, OTF/2C • Wherea 
red color of the wild type iron protein di 
very rapidly in 0*5 M acetate buffer at 
containing 1 nM each of EDTA and 8TA, 
no color at all and requires pH 4 and 1 xM 
deferoxamine to release its bound iron, The 
apoHEButant appears to rebind iron more slowly than the 
wild type protein. The visible maximum lies at 460 nm 
for this mutant* 
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full laiigth reaomfeinaat hTF mis 
s the getym^#eri^a0 protein on SI 



same 



a an tne art will raoog^iEe^ or be 

able to ascertain using no more than routine 

icm* numerous equiva 
\xx r e b mm ot % mm, he r e x n , 




s to the specs, £ ic 



of 
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A recombinant transferrin* 

Recombinant human serum transferrin* 

h recombinant half -mo 1 ecu Xe of transferrin 
comprising at least the metal-binding domain of a 
sing la lobe of transferrin* 

A transferrin half-molecule of claim 3, 
the single lobe is the amino terminal 1 
human serum transferrin* 

A transferrin half-molecule of claim 3* wherein 
the single lobe is the car boxy terminal lobe of 
toman serum transferrin* 

A mutant transferrin ha If -molecule comprising at 
least the metal-binding domain of a single lobe 
of transferrin, the mutant having a stronger 
binding avidity for metal than the bidding 
avidity of natural transferrin 

& mutant transferrin ha If -molecule of claim 6, 
which has a stronger binding avidity for iron 
than natural transferrin. 

A mutant transferrin half -molecule of claim 7, 
comprising at least the metal—binding domain of a 
single lobe of transferrin wherein the lysine 
residue at position 206 of natural transferrin is 
replaced with glut amine, 
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A a^kar^otic expression vector # comprisii^g a 
nucleic acid construct aompTlm^ng nuclei d 
encoding a transferrin or a fcraasf errin 
fea If -molecule comprising at least the 
domain of a single lobe of trans far tin linked 
appropriate genetic regulatory elements for 
ion in an ey&aryotic call * 



10 



10 



si on vector of el 




1 
t 



enoooimg 
inft£ er r i n ha If -mo leculs 



is 



ryotic e^gressian vector of elaii 10 , 
in the sing la lobe is the amino terminal 
of human serum transferrin. 



12* 



ic e: 



t 

ti the single lobe is the c 

serw t r snsf ex r in * 



r$iin&l 



Of 



A eukaryotic 



herein the transferrin 



ssion sector of cla 

£~mo 



glut amine res i toe 
sine 



9* 



a 



at position 286 in place 
natural t rans f a r r I n s 



of 



enfearyotic cell line transfer 
ctor of claim 9* 



25 15 < & baby bamstar kidney cell line transf ectad with 

the vector of claim 9, 
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